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用人体磁共振成像系统磁场强度在 3T 以下。更高场强，例如 7.0T 磁共振系统能
提供更高的信噪比，可以带来更清晰的局部成像细节或者缩短成像时间，如果完
全应用到人体领域将为医疗诊断开创新的纪元。但由于安全性尚未完全论证，一
















工作在 285MHz 到 320MHz，工作频带内实现双通道匹配情况良好（S11 < -20dB, 
S22 <-20dB），隔离度较高（在不接入 Cable Trap 时 S21 < -15dB），空载时 Q 值达
到 162。最后所研制的线圈在 Aglient 7.0T MRI 动物成像仪上进行了水膜和柠檬




























































With its comparative advantages of non-invasive, high resolution, non-radiative 
and so on, magnetic resonance imaging(MRI) technology has been more and more 
widely used in modern life. The upper limit of a MRI system mainly depends on the 
strength of its static magnetic field. At present 3 Tesla or lower field MRI 
human-body system is most popular in commercial use, meanwhile, system at higher 
magnetic fields, like 7 Tesla can provide better SNR which will increase partial 
resolution or reduce the time for imaging. There are some limits nowadays, which 
include unproven safeness and stagnant of some key technologies, restrict the 
development of the ultra-high field MRI system for human use. On the other hand, 
ultra-high field animal MRI has been developed rapidly for some frontier scientific 
research. 
RF coils are the front end of MRI system, which is essential to the signal 
sensitivity. Compared with the surface coil, the birdcage coil has excellent structural 
symmetry, which can make the RF excitation field to be well distributed, and is 
widely used in commercial MRI instruments. The birdcage coil excited by the 
orthogonal excitation can induce a circular polarized magnetic field, which further 
improves the uniformity of the magnetic field and the sensitivity of the signal. 
However, the complexity of the birdcage coil structure increases the difficulty of the 
tuning of the coil, and the uniformity of the RF coil has a high demand on the design 
of the coil. In the orthogonal coil isolation in two channels will have a greater impact 
in experimental results, the unreasonable design of the tuning and decoupling 
structure will make the coil unbalanced, causing a serious distortion of the imaging 
signal, so the design of a tuning and isolation circuit in a quadrature birdcage coil 
needs to focus on the issue. On the other hand, the complexity of the coil structure in 
quadrature birdcage coil has been enhanced in ultra high field, such as antenna effect 















  Based on the theory of magnetic resonance and RF circuit principle, using 
CST software modeling and simulation aided design, we provide a systematic way to 
design the quadrature-driving birdcage coil for ultra-high field. A 8 leg high-pass 
quadrature-driving transceiving birdcage coil is developed for 7T animal MRI system. 
The tuning and decoupling structure, as well as the tuning method have been carefully 
studied on ultra high field quadrature birdcage coil. The experiment and test results 
show that the coil can work at 285MHz to 320MHz, in the working frequency band 
good matching (S11 < -20dB, S22 <-20dB) and high isolation (without Cable Trap S21 
< -15dB) can be achieved. The Q value without load reached 162. A water phantom 
and a fresh lemon have been finally used to test the coil on the Aglient 7.0T animal 
MRI system, the results show that good B1 magnetic field uniformity, SNR and SAR 
of the coil have been achieved. The images generated with the coil have good 
uniformity (>90%) and clear details. 
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1930 年，Isidor Rabi 发现在恒定磁场中的原子核会延磁场方向呈现正向或者
反向有序平行排列，加入电磁场后，原子核的自旋方向发生翻转。1946 年美国





































大多是这种系统。国内的高场 MRI 系统目前仅有苏州朗润 1.5T，北京万东 1.5T，
上海联影 uMR 系列（1.5T）等主要面向医疗影像用途的设备。 
高场和超高场系统的研制由于涉及超导磁体，高速处理电路，电磁学前沿理







































制指标，并利用 CST 软件对所设计的正交鸟笼线圈进行了建模，3D 电磁场分布
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